In the problem of online time series search introduced by El-Yaniv et al. [4], a player observes prices one by one over time and shall select exactly one of the prices on its arrival without the knowledge of future prices, aiming to maximize the selected price. In this paper, we extend the problem by introducing profit function. Considering two cases where the search duration is either known or unknown beforehand, we propose two optimal deterministic algorithms respectively. The models and results in the paper generalize those of .
Introduction
The problem of online time series search was introduced by El-Yaniv et al. [4] , where a player observes a series of n prices sequentially in order to select the highest price in the series. On the observation of each price presented, the player has to decide immediately whether to accept the price or not without the knowledge of future prices. The profit depends on the price selected by the player. proved that if the prices are bounded within interval [m, M ] (0 < m < M), the optimal algorithm is to accept the first price no less than √ M m and the competitive ratio is M/m. Damaschke, Ha and Tsigas [3] studied another case where the upper and lower bounds of prices vary as time goes on. The approach is also adopted by Lorenz, Panagiotou and Steger [7] for the k-search problem to search for the k highest (or lowest) prices in one series. All the above work assumes that the profit to accept a price is exactly the price itself, ignoring when the price shows up in the series. In many real scenarios, however, this is not the case. For example, the player may need to pay a sampling cost at each time period to observe a price, and then the accumulated sampling cost increases as time goes on. Hence, the profit to accept a price at some period can be regarded as a function of the price, such as equaling the accepted price minus the accumulated sampling cost. In the paper we will extend the basic model in [4] by introducing profit function, and give more general results on competitiveness.
Related Work
The problem of time series search has received considerable attention in mathematical economics and operations research since 1960's. It is quite related to the optimal stopping problem (see [8] ) and the secretary problem (see [5, 2] ), both of which have many extensions such as secretary problem with discounts (see [1] ) and with inspection costs (see [6] ). Most of the previous work follows Bayesian approach, and algorithms are developed under assumption that prices are generated by some (e.g. uniform) distribution which is known beforehand (see [2] ).
Since the distribution of prices may not be known to the player in many situations, some research attempts to relax the assumption. Rosenfield and Shapiro [9] studied the case where the price distribution is a random variable.
Competitive Ratio
Sleator and Tarjan [10] proposed to evaluate the performance of online algorithms by competitive analysis. For an arbitrary given price sequence σ, the profit of an online algorithm ALG is compared with that of an offline player's algorithm OP T , which knows all the prices in advance. Let ALG(σ) and OP T (σ) denote the profits of ALG and OP T in σ respectively. The competitive ratio of ALG is then defined as
We also say that ALG is α-competitive. Given that there are not any online algorithms with competitive ratio less than α, ALG is called an optimal online algorithm.
The rest of the paper is organized as follows. Section 2 models the time series search problem and gives some assumptions as well. In Section 3 we investigate the case with known duration, and in Section 4 we discuss the case with unknown duration. Finally, Section 5 concludes the paper.
Problem Statement and Assumptions
The problem: A player is searching for one price of some asset in a price quotation sequence aiming to maximize the profit. There is only one chance for the player to select a price. At each time period i = 1, 2, · · · , n where the time horizon n is a natural number, a price quotation p i is received. The player has to decide immediately whether to accept the price. Once it is accepted at period i, the player cannot accept another price in later periods and the profit for p i is denoted by f i (p i ), i.e., the profit function at period i. Otherwise p i expires and p i+1 arrives in the next period. Note that the price series may end at some period l ≤ n, i.e., the last price is p l , and we call l the duration of the series.
